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Pasadena, C a l i f o r n i a 9 1 1 0 9 L n t r o d u c t i o n N e a r -f i e l d t e c h n i q u e s a r e u s e d t o d e t e r m i n e t h e f a r -f i e l d p a r a m e t e r s of a n t e n n a s w h i c h a r e s e n s i t i v e t o t h e e f f e c t s o f g r a v i t y , s u c h a s w e a t h e r , a n d a n t e n n a s w h i c h a r e c l a s s i f i e d f o r s e c u r i t y p u r p o s e s . F o r s p a c e c r a f t a n t e n n a s , a n t e n n a s w h i c h m u s t n o t b e e x p o s e d t o i n c l e m e n t t h e s e r e a s o n s a n d o t h e r s , many r e s e a r c h e r s h a v e shown an i n t e r e s t i n t h e s e t e c h n i q u e s w h i c h h a v e b e e n r e c e n t l y r e v i e w e d i n t h e t e c h n i q u e s a r e d i s c u s s e d , e a c h of which i s r e f e r r e d t o by t h e c o o r d i n a t e l i t e r a t u r e [ l , Z ] . I n t h e s e r e v i e w s , t h r e e d i f f e r e n t n e a r -f i e l d s y s t e m i n w h i c h t h e d a t a i s a c q u i r e d : p l a n a r , c y l i n d r i c a l , a n d s p h e r i c a l .
O f t h e s e t h r e e t y p e s o f n e a r -f i e l d measurement systems, the p l a n a r t e c h n i q u e h a s b e e n t h e m o s t w i d e l y u s e d . M a j o r r e a s o n s a r e t h e f a c t t h a t t h e c o o r d i n a t e s y s t e m i s s i m p l e t o work w i t h , it f i t s t h e been done t o u n d e r s t a n d t h e v a r i o u s e r r o r s i n v o l v e d i n t h e f o r m u l a t i o n s .
geometry of many h i g h g a i n antennas, and a g r e a t d e a l o f a n a l y s i s h a s
Rahmat-Samii, e t a 1 [ 3 , 4 1 h a v e d e v i s e d a technique by which the nearf i e l d d a t a i s measured i n a p l a n e on c o n c e n t r i c r i n g s . T h i s i s r e f e r r e d t o a s t h e p l a n e -p o l a r t e c h n i q u e a n d u t i l i z e s a J a c o b i -B e s s e l e x p a n s i o n t o c o n s t r u c t t h e f a r f i e l d s . B e c a u s e o f t h e i n t e r e s t i n t h e p l a n e -p o l a r d a t a a c q u i s i t i o n t e c h n i q u e , it h a s b e e n s u g g e s t e d t h a t a l t e r n a t e c o n s t r u c t i o n m e t h o d s b e i n v e s t i g a t e d , p a r t i c u l a r l y t h e u s e o f t h e 2-d i m e n s i o n a l F a s t F o u r i e r T r a n s f o r m ( F F T ) , i n t h e e v a l u a t i o n o f t h e r a d i a t i o n t y p e i n t e g r a l r e l a t i n g t h e n e a r -f i e l d t o t h e f a r -f i e l d q u a n t i t i e s .
The a b i l i t y t o u s e n e a r -f i e l d d a t a t o e s t i m a t e t h e d i s t o r t i o n s on t h e s u r f a c e o f a p a r a b o l i c a n t e n n a [ 5 ] h a s a l s o b e e n s u g g e s t e d s i n c e t h e FFT h a s a d i r e c t a p p l i c a t i o n t o t h i s t y p e of a n a l y s i s . e -P o l a r t o Fcctan-r Data measured i s p r o p o r t i o n a l t o t h e r a d i a l a n d a z i m u t h a l n e a r y f i e l d F i g u r e 1 shows t h e c o o r d i n a t e s y s t e m f o r t h e m e a s u r e d d a t a . The d a t a
Cartesian components required for use by the plane-polar algorithms. In c o m p o n e n t s .
T h i s d a t a m u s t b e t r a n s f o r m e d f r o m t h e p o l a r t o t h e o r d e r t o u t i l i z e t h e FFT r o u t i n e s , t h e d a t a
m u s t l i e on a r e c t a n g u l a r g r i d s y s t e m i n t h e m e a s u r e m e n t p l a n e . T h i s g r i d s y s t e m w i l l have a u n i f o r m s p a c i n g b e t w e e n t h e p o i n t s o n t h e g r i d i n b o t h t h e x and y d i r e c t i o n s .
I t i s c r i t i c a l
t h a t t h i s s p a c i n g b e u n i f o r m i n a g i v e n d i r e c t i o n s o t h a t t h e FFT may be properly used; however, the spacing in o n e d i r e c t i o n i s a l l o w e d t o b e d i f f e r e n t t h a n t h a t i n t h e o r t h o g o n a l d i r e c t i o n . One must t h e r e f o r e i n t e r p o l a t e t h e m e a s u r e d p o l a r d a t a o n t o a r e c t a n g u l a r c o o r d i n a t e s y s t e m . T h i s p a p e r p r e s e n t s t h e r e s u l t s o f o n e p h a s e o f r e s e a r c h c o n d u c t e d a t t h e Jet P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y , u n d e r c o n t r a c t s p o n s o r e d by the National Aeronautics and Space Administration.
The i n t e r p o l a t i o n t e c h n i q u e which i s u s e d f o r t h i s work is t h e b i v a r i a t e b e c a u s e
o f i t s s i m p l i c i t y , e f f i c i e n c y , a n d a c c u r a c y a n d h a s b e e n L a g r a n g e i n t e r p o l a t i o n (see F i g u r e 1). T h i s t e c h n i q u e was s e l e c t e d s u g g e s t e d for u s e i n s i m i l a r a n t e n n a related p r o b l e m s [ 6 ] . To t e s t t h i s t e c h n i q u e , d a t a f r o m a 58" p a r a b o l i c a n t e n n a was measured i n a p l a n ep o l a r f a c i l i t y . T h i s d a t a was t h e n i n t e r p o l a t e d a n d c h e c k e d b y c o m p a r i n g t h e r e s u l t s o n r e c t a n g u l a r c o o r d i n a t e s t o t h e g i v e n d a t a o n t h e c o n c e n t r i c r i n g s .
The comparison was made on t h e 9 = 0' and 90' scans' (x and y a x e s ) i n t h e measurement p l a n e . T h e s e p a r t i c u l a r s c a n s were c h o s e n b e c a u s e t h e c o o r d i n a t e s y s t e m s l i n e u p i n t h e s e o r i e n t a t i o n s . R e s u l t s o f t h i s t e s t f o r t h e $ = 0' s c a n are shown i n F i g u r e 2 .
F a r -F i e l d A n t e n n a P a t t n r n a
Once t h e m e a s u r e d p l a n e -p o l a r n e a r -f i e l d d a t a i s a v a i l a b l e , a n d it h a s b e e n i n t e r p o l a t e d o n t o a r e c t a n g u l a r c o o r d i n a t e s y s t e m a s d e s c r i b e d e a r l i e r , t h e p r o c e s s i n g t o c a l c u l a t e t h e f a r -f i e l d q u a n t i t i e s c a n b e g i n .
The r a d i a t i o n t y p e i n t e g r a l which is u s e d i n t h e d e s c r i p t i o n o f t h e f a rf i e l d q u a n t i t i e s i s [ 3 , 4 1 : w w -w-00
where t h e 8 a n d I $ dependence i s f o u n d i n t h e e x p o n e n t o f t h e k e r n e l .
Here, t h e &(?)term i s r e l a t e d t o t h e m e a s u r e d n e a r -f i e l d d a t a . T h i s t h e t e s t d a t a f r o m t h e 58" r e f l e c t o r which was p r e v i o u s l y i n t e r p o l a t e d , e q u a t i o n l e n d s i t s e l f t o t h e r a p i d s o l u t i o n by t h e FFT algorithm. Given
t h e f a r -f i e l d q u a n t i t i e s were c a l c u l a t e d . P l o t s were g e n e r a t e d w i t h a u n i f o r m s e p a r a t i o n in t h e 9 d i r e c t i o n , w h i c h r e q u i r e d t h e u s e of a s i n c . s i n c i n t e r p o l a t i o n f o r v a l u e s w h i c h d o n o t e x i s t a s p a r t o f t h e FFT r e s u l t s [ 7 ] .
The a m p l i t u d e o f t h e c o p o l a n d c r o s s p o l c o m p o n e n t s f o r t h e $ = 0" c u t , which compare t h e r e s u l t s g e n e r a t e d b y t h e FFT and JacobiBessel t e c h n i q u e s , are shown i n F i g u r e 3 . [l]
Good agreement i s o b s e r v e d i n
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